
tine. As each instruction word reaches 
the control register, the first half of it 
is passed immediate:;.' into the static 
register (SR). The static register drives 
the main function raole and memor; 
switch. The instruction digits are trans- 
lated by the function table into the 
appropriate control signals for the in- 
struction called for. The memory switch 
selects the location called for by the mem- 
ory location digits and opens the proper 
"nieinory channel to the high-speed bus 
system at the proper time. Since the 
memory is constructed of 100 channels, 
each holding ten words, the memory . 
switch is a combination of spatial and 
temporal selection. 

Cycle Counter 

Implicit within each instruction, as 
translated by the zur.ction table, is an 
ending signal which causes the computer 
to move on to the next instruction. 
The kev to this sequence is the cycle 
counter (CY), which is advanced bv the 
ending pulse. The cycle counter is a 
2-stage 4-position ::unter, which is 
connected into the inaction table. Bo 
virtue of this relation, ."/develops signals 
in addition to those developed by the 
instruction, which. :':r example, can 
cause tlie control register to transfer the 
second half of the instruction word into 
the static register when the first hah' 
has been completed, similarly, after 
the second half instruction is finished the 
cycle counter causes the reading of the 
control counter to pass into the memory 
location section of the static register and 
thus cause the next instruction word 
to be transferred from the memory to 
the control register, 'o hen the word 
reaches the control register, the cycle 
counter also causes the control counter 
reading to be increased by unity. The 
four cycles ate designated by the first 
four Greek letters a transfer CCto SR). 

3 transfer memory to CR), 7 (perform 
first instruction), and 3 (perform second 
instruction). 

Program Counter 

The multistage instructions, such as 
multiplication, are guided through their 
various steps by the program counter 
(PC). The program counter has four 
stages or 16 positions. All multistage 
instructions can be performed within 
this number of steps. 

Checking Circuits 

The checking circuits of the UNIVAC 
are of two main types, odd even checkers 
and duplicated equipment with compari- 
son circuits. The odd-even checker de- 


pends upon the design of the pulse code 
■used within the computer. This code 
provides seven pulse positions for every 
character. Six of the seven positions 
are significant as the actual code while 
the seventh is the odd-even channel. 

If the number of pulses or ones within 
;he first six channels of any character is 
even, a one is placed in the seventh 
channel to make the total odd. Thus, 
the total number of ones across the sever, 
channels is always odd. By means of a 
binary counter and a few gates, an odd- 
even checker has been constructed which 
examines every seven pulse group which 
passes through the high speed bus 
amplifier. In this connection, mention 
must be made of the periodic memory- 
check which interrupts operation every 
five seconds to pass the entire contents 
of the memory over the high speed bus 
system and, consequently, through the 
odd-even checker. Any discrepancy is 
immediately signalled to the supervisory- 
control and further operation ceases. 

The duplicated equipment type of 
checking consists of duplicating the most 
essential parts of the arithmetic circuits 
and their controls and producing simul- 
taneously independent results, which 
can then be compared for equality- 
For this type of checking, the A-. F-, 
X-, and L-registers. algebraic adder, 
comparator, multiplier-quotient counter, 
and the high speed bus amplifier are 
duplicated. 

The memory is not duplicated, but is 
checked by the periodic memory check 
mentioned previously. Various sections 
of the control circuits are duplicated such 
as the program counter and cycle counter. 

Timing Pulse Generator and Cycling 

Unit 

The timing pulse generator and cycling 
unit ( CU ) are the source of the basic 
timing signals throughout the computer. 
The timing pulses occur at 2.25 mesa- 
cydes per second. The cycling unit sub- 
divides this rate into the character rate 
and word rate. The character rate is one 
seventh of the basic pulse rate since there 
are seven pulses for each character. 
There are 12 characters per word but 
space for a 13th character is induded in a 
word time and is called the space between 
words. This time is used for switching 
purposes. 

The cycling unit, therefore, develops 
the word signals at 1/7 X 1/13 or 1/ 91 of 
the basic pulse rate. Within the cycling 
unit (CU) sire numerous duplications and 
comparisons to ensure complete relia- 
bility. 


Input-Output Circuits 


The operation of the input-output j 
system is dovetailed as efficiently as 
possible with the operation of the arith- 
metic circuits. Whenever possible, paral- , 
lei operations are allowed to proceed so 
as to minimize the time lost on internal 
operation while the slower input-output ^ 
operations are taking place. 

The principal input-output instruc- j 
tions are handled in a manner identical \ 
to that for the internal operations, j 
except that now the function table de- i 
velops signals which bring the input- i 
output control circuits into operation, j 
The information supplied to the input- j 
output control circuits by the function j 
table includes the following: 

1 . Which of the ten possible Uniservos j 
is being called on. 

2. Whether it is a read or write, that is, an j 
input or output operation. 

3. If it is “read.” the direction in which the • 

tape is to move. ] 

The input-output control circuits,.] 
therefore, begin by testing whether or j 
not the Uniservo indicated now is in use j 
or not. If it is already in use, everything] 
else waits until that Uniservo is free j 
Next, the input-output control circuitsj 
test to determine whether the Uniservoj 
selected last moved backward or forward.. 
If the previous direction does not agree; 
with the new direction called for, the 
input-output control circuits generate the; 
proper signals to prepare the Uniservo tci 
move in the opposite direction. If th« 
instruction is to rewind a Uniservo, th^ 
input-output control circuits then direct 
the center drive of the selected 
Uniservo to rewind the tape to the bej 
ginning and stop. 

As soon as the instruction has proj 
ceeded to the point where the input-out^ 
put control circuits need no further inforj 
mation from the function table, the it 
struction ending signal is generated ant 
the internal circuits proceed to the n 
instruction, even while the readin; 
writing or rewinding continues. T1 
UNIVAC can process an input, an on 
put and several rewind operations whi 
simultaneously carrying on internal an 
putation. 

So far the method by which the wor 
are transferred from the /-register j 
the memory has not been mention* 
This operation is combined with certi 
read instructions in a manner not fi 
mediately obvious. There are two \ 
structions which read from the tape, 
the /-register, one causing the tape- 
move forward, the other causing i 
move backward There are two o 
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Figure 1. Block diagram of UNIVAC 


input instructions similar to those just 
mentioned, but they have the additional 
operation of first reading from the /- 
register to the memory and then reading 
a new group of 60 words from tape into 
the /-register. Thus the first type of 
input instruction reads from tape to 
the /-register only. It must be followed 
by the second type of instruction in 
°rder first to clear the /-register and then 
^d in the second block of 60 words. 

. output instructions do not operate 
* n this way but instead read directly 
rom memon- to the O-register and then 
to the tape as one instruction. 

A third type of checking circuit 
Pecurs in the input-output control cir- 
e^ts which counts the number of char- 


acters transferred from the tape in each 
block. Since there must always be 
720 characters per block, the 720 checker 
signals any discrepancy to the super- 
visory control. 

One other phase of the input-output 
operation concerns the two supervisory 
control input-output instructions. One 
of them permits a single word to be typed 
in from the input keyboard and the other 
causes a single word • to be typed out 
automatically. 

Auxiliary Equipment 

The two principal auxiliary devices 
mentioned earlier were the Unityper,* 
which converts keyboard operations to 
tape recording, and the Uniprinter,* 


which converts magnetic recording to 
typewritten copy. 

Unityper 

A simple block diagram of the Unityper 
is shown in Figure 2. Each keyboard 
operation pulses the input to an encoding 
function table which, in torn, drives the 
appropriate heads for recording the par- 
ticular combination on the tape. Simul- 
taneously, the same pulse triggers a motor 
delay flop which operates the tape motor 
for an interval sufficient to move the tape 
across the head for the distance required 
to record one character. However, there 
is a punched paper loop system associated 

* Registered trade mark. 
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with the Uni typer for the purpose 
of providing the typist with various 
guideposts individually set up for each 
problem. The loop control system serves 
three distinct control functions. First, 
it allows the programmer to set up 
various numbers of characters for the 
individual items being entered for a 
given problem. If the typist ever enters 
other than the specihed number of char- 
acters, the loop control signals an error. 
Although the basic word length is 12 
characters, the programmer may sub- 
divide or group the words to suit any 
length of item. The loop can then be 
punched with what are called “force 
check” punches. Whenever the typist 
completes a correctly entered item, she 
must operate a release key before enter- 
ing the next item. If the forced check 
is released too early an error is created, 
or if an additional character is typed after 
the forced check should have been re- 
leased, an error is similarly indicated. 

The second function of the loop is to 
control the erase operation. The erase 
operation is the oniy way in which an 
error can be recalled. When the erase 
key is operated, the loop and tape are 
both stepped backward until a stop 
punch (usually associated with each 
forced check) is encountered. Thus 
the entire erroneous item is erased, and 
at a much higher rate than that at which 
the backspace key can be operated. 
The backspace, incidentally, cannot can- 
cel an error indication, but it can be 
used to correct a wrongly typed character 
if the typist recognizes it. 

The third function of the loop system 
is to enter, automatically, various fill-in 
characters. Under one such system 
of operation, the loop control records 
the characters only at the behest of the 
operator. This function is useful where 
individual entries, such as personal 
names, do not fill out all of the space al- 
lotted. The other operation is fully auto- 
matic in which the loop assumes full 
control to record, for example, a group 
of fill-in characters later to be replaced 
by computed data within the central 
computer. 

The block diagram therefore shows the 
loop motor connected to the same delay 
flop that steps the tape motor. The 
same signal which moves the two motors 
also sets a second delay flop, ( DF2 ) 
which produces a delayed probing pulse. 
The probing pulse examines the paper 
loop photoelectrically for the new com- 
bination. A third delay flop ( DF3 ) 
produces another probing pulse after 
the relays associated with the loop 
photocells have had time to set up. 


If any automatic function is indicated 
by the photocells, the probing pulse pas- 
ses through the interpreting relays, 
enters the encoding function table to 
generate the fill-in characters, and thus 
starts the cycle over again. All auto- 
matic functions take place at about 22 
characters per second. 

Numerous odd-even checks are intro- 
duced in the Unityper to provide checks 
on tape and loop motion and on the re- 
corded code combination. 

Uniprinter 

The Uniprinter is shown in simplified 
block diagram in Figure 3. Its operation 
is a simple cycle which is initiated by a 
start button. The start button triggers 
the motor flip-flop ( MFF ). The motor 
pulls the tape across the reading head 
until a combination is detected. The 
nresence of pulses on any of the seven 
lines between the reading head and the 
relay decoding function table is sufficient 
to restore the motor flip-flop (MFF) and 
stop the tape motion. Simultaneously 
a print delay flop ( DF1 ) is triggered. 
During the delay flop interval, the de- 
coding relays are given time to set up. 
When the delay flop recovers, a pulse is 
sent through the relay table which re- 
appears at one of the typewriter magnetic 
actuators. As the typebar reaches the 
platen, a printer action switch (P.45') is 
operated which pulses the motor flip-flop 
and starts a new search for the next char- 
acter on the tape. The odd-even proper- 
ties of the UNIVAC pulse code are 
utilized for checking purposes. 

Engineering Aspects 

The entire UNIVAC system is 
constructed of circuits which are as 


conservative as is consistent with the 
desired reliability and speeds of opera- 
tion. The circuits have been designed 
as building blocks and the entire com- 
puter is constructed around these blocks. 

One of the most important of these 
blocks is the pulse reshaping circuit 
which consists of a timing pulse gate and 
a fast acting flip-flop which generates 
the pulse envelope equivalent of the gated 
timing pulses. Two polarities of timing 
pulse are used, the one being capable 
of tripping the flip-flop into one state, 
the other polarity of tripping it to the 
other state. As a deteriorated pulse 
envelope is applied to the timing pulse 
gate input, either one or the other po- 
larity of pulse is always gated. The 
flip-flop therefore produces a sharpened 
and correctly timed output waveform. 

The gating and switching circuits 
in the central computer are constructed 
of germanium crystal diodes, which 
include the main and subordinate func- 
tion tables. 

The registers are all circulating delay 
type using a mercury tank of one, two, 
or ten word-times of delay, except the 
static register. The latter is composed 
of 27 flip-flops which are required to 
maintain the static signals applied to 
the function tables, for at least an entire 
word-time. 

The switching time allowed by the 
seven pulse-times of the space between 
words is, in general, not sufficient for a 
new function table excitation to stabilize. 
Therefore the time-out system, used 
successfully in the BIN AC, also is em- 
ployed in the UNIVAC. Whenever 
an ending pulse is generated, or any 
other pulse which indicates that a new 
set of control signals are required from 
the function table, an interval of one 


Figure 2. Simplified 
block diagram of 
Unityper 
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Figure 3. Simplified block diagram of Uniprinter 


word-time is introduced to allow then 
function table signals to reach equilib- 
rium. The time-out interval is con- 
trolled by a single fast-acting flip-flop. 
All gates attached to the function table 
signals which are critical as to opening 
and closing can be inhibited by the time- 
out flip-flop during time out. Regard- 
less of the presence of the function table 
signals, the gate does not operate until 
the time-out flip-flop releases it. Thus, 
the burden of speed imposed by the short 
space between words has been shifted 
to a single flip-flop which can accomodate 
the needs of the entire computer. 

The UNIVAC uses the excess-three 
pulse code system which requires a 
second binary adder after the main 
binary adder in order to proride the 
excess-three correction after each addi- 
tion. On the other side of the ledger, 
the complementing operation for sub- 
traction and division is very much sim- 
plified, since the substitution of ones 
for zeros and vice versa is sufficient to 
form a complement. The excess-three 
part of the pulse code occupies the four 
least significant digit positions. The 
next two positions beyond the excess- 
three digits are used as zone indicators. 
When these digits are both zero, the 
last four positions are interpreted as a 
numerical quantity ; when nonzero, an 
alphabetic or punctuation symbol is 
indicated. The seventh channel is the 
check pulse channel. 

The adder is provided with an alpha- 
betic bypass circuit which allows an 
alphabetic letter to enter one input and 
emerge unscathed provided a numeral 
enters the other input. Thus additive 


umerical constants can be combined 
with instruction words to adjust the 
memory location part of an instruction 
without affecting the alphabetic instruc- 
tion symbols. 

The power supply for the computer is 
separately housed. It can be placed any 
reasonable distance from the central 
computer. Almost all rectification is 
done by dry disc rectifiers. The power 
supply provides all a-c and d-c potentials 
to the central computer, supervisor}' 
control, directly-connected printer, and 
the Uniservos. 

A complete fusing system has been 
included which serves both as protection 
and as a short-circuit isolating means. 
Each section, of which there are 39, is 
locally fused, enabling the engineer to 
locate a short within only 12 chassis, 
rather than the total of 468. 

An automatic voltage monitoring sys- 
tem may be used to test every d-c 
voltage at the rate of one per second. 
A meter movement relay signals any 
discrepancy from standard. Similarly, 
overheat thermostats detect any un- 
favorable temperature condition in the 
bays or mercury tanks. 

Cooling for the power supply and cen- 
tral computer is provided by three blow- 
ers. Local cooling in the Uniservos is 
provided by small fans in each unit. 
The operating statistics of the UNIVAC 
are as follows: 

Tape reading and recording: 

Pulse density: 120 per inch 
Tape speed: 108 inches per second 
Input block size : 60 words; 720 characters 
Tape width: 1/2 inch; 8 chan nek 
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Internal operations: 

Memory capacity: 1.000 words; 12,000 
characters 

Memory construction: 100 mercury chan- 
nels; 10 words/channel 

Access time: 

Average: 202 microseconds 
Maximum: 404 microseconds 

Word length : 

12 characters 
91 pulses 

(include space between words = 7 pulses) 

Basic pulse rate: 

225 megacycles 
Addition : 525 microseconds 
Subtraction : 525 microseconds 
Multiplication: 2,150 microseconds 
Division: 3,890 microseconds 
(AH times shown include time for obtain- 
ing instructions and operands from mem- 
ory; 

Applications of UNIVAC 

Types of Problems for Which 
UNIVAC Is Applicable 

True to its name, Universal Auto- 
matic Computer, the UNIVAC system is 
capable of handling data processing or 
calculation in virtually all fields of human 
endeavor. It is particularly well suited 
to applications requiring large volumes 
of input or output data, or both. 

For convenience and classification, 
applications of the UNIVAC will be 
treated under four headings: scientific, 
statistical, logistical, and commercial. 
The scientific problem usually, though 
not always, has relatively small amounts 
of input and output data, with emphasis 
on computation. The statistical prob- 
lem has relatively large volumes of 
input data with a small volume of out- 
put data and simple processing proce- 
dures. The commercial and logistical 
problems both have relatively large 
amounts of input and output data with 
processing requirements varying from 
slight to relatively great. A number of 
problems in each of these four fields have 
been studied and found suited for solution 
on the UNIVAC system. Several in 
each field have actually been processed 
on the computer. 

Scientific Problems 

A general-purpose matrix algebra rou- 
tine designed to add, subtract, multiply, 
and reciprocate matrices of orders up to 
300 has been prepared and applied to a 
number of matrices. Inverses have been 
calculated for three different matrices of 
orders 40, 50, and 44. The error matrices 
for the first two of these inverses also 
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were calculated. In both, the largest 
error term was of the order of 10 
A triple product matrix was formed from 
component matrices ranging from 5 by 40 
to 40 by 40. A check product was 
obtained by reversing the sequence of 
multiplications, verifying the original 
product to within 2 units in the 11th 
place. The computer time required 
for these calculations was 1 hour and 15 
minutes to calculate the inverse of order 
50. 45 minutes to determine its error 
.matrix. The other calculations were 
proportionately shorter. In all of this 
wcrif. magnetic tapes were used as tem- 
porary storage for the bulk of the matrix 
elements involved. The high speed of 
the tape reading units more than kept 
up with the computer's need for data. 
Xc mathematical checks, other than the 
over-all check mentioned, were included 
in the computation, the self-checking 
features of the system making these 
completely unnecessary. 

A second computation — that of ob- 
taining six different specific solutions to 
a system of 385 simultaneous equations — 
was completed in 27 minutes on the com- 
puter. The system of equations arose 
frcm a second order nonlinear differential 
equation of gas flow through a turbine. 
The error terms resulting from the sub- 
stitution of the computed unknowns into 
the basic equation were of the order of 

The third example is that of a 2-dimen- 
si:na: Poisson equation, using a 22 by 22 
mesh. Each iteration required 13 sec- 
• >r.is and produced a maximum separa- 
tion of successive surfaces of the order of 
l'." 5 after approximately 300 iterations. 

Statistical Problems 

In the second major field of statistical 
computation, the Census problem has 
been a prime example. The Census 
problem produces a part of the Second 
Series Population on Tables for the 
i 'A: Decennial Census. 

The Second Series contains 30 types 
of tables covering the statistics of our 
population — age. sex. race, country of 
birth, education, occupation, employ- 
ment. and income. These tables are to 
be compiled for ever.- county, and for 
ever.- city, rural farm, and rural nonfarm 
area within a county. 

The preparation of these tables by the 
UNIVAC system requires three major 
steps : 

1. Tabulation of each individual’s char- 
acteristics by groups of about 7,000. 

2. .Arranging these groups by cities, coun- 
ties. 

3. -Assembling from the tabulations the 
data required for each table. 
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The raw data were prepared in the 
form of a punched card for each individual 
in the United States. The data from 
these enumeration cards are then tran- 
scribed onto magnetic tape. From these 
tapes, the computer processes the data 
sequentially through the three steps, 
producing output tapes from which the 
tables are printed on Uniprinters. The 
only manual operations encountered in 
this entire procedure are the handling of 
the original punched cards, mounting and 
demounting tape reel (the equivalent of 
9.700 cards), and the removal of the 
printed tables from the Uniprinters. 

The most important feature of the 
present procedure is the elimination of 
handling and sorting tremendous quanti- 
ties of punched cards. Each handling 
of the card stacks is a source of potential 
error and delay. The UNI VAC memory 
permits the simultaneous accumulation 
of the 580 tallies which describe our 
population for each local area being 
studied by the UNIVAC system. 

Commercial Problems 

In the commercial field, the UNIVAC 
system has handled premium billing for 
a life insurance company. This program 
produces premium notices, dividends, 
and commissions. In a particular exam- 
ple worked out, approximately 1,000,000 
bills. 340,000 dividends, and 100,000 com- 
missions have to be produced monthly. 
The necessary information for proc- 
essing a particular policy is contained in 
240 digits, or. in special cases, 4S0. 
This compactness is made possible by a 
logical system of 40 symbols, comprising 
both alphabetic and numeric characters, 
which denote over 90 definitions. The 
UNIVAC processes the policies as 
directed by the symbols, policy dates, and 
policy numbers. 

The problem includes inserting over 
250.000 changes each month before 
further handling is done. After this 
step, the policies to be processed are 
selected from a file of 1,500,000 items. 
Next, a list is produced of the cases which 
have symbols indicating that special 
notices must be sent to the policyholders. 
Following the calculation of dividends 
and commissions, additional lists are 
produced: one group contains infor- 
mation pertaining to commissions and 
agents; another contains information re- 
garding dividends; and finally, there is 
a listing of option changes for later in- 
sertion into the policy files. Policies 
requiring premium notices are then edited 
and the notices are automatically printed 
from the data contained on magnetic 
tapes. 


The UNIVAC time needed for a pro- 
gram of this proportion is about 135 
hours a month. The average computer 
time per policy processed is less than 0.5 
second. The average time for all change 
insertions, printing, calculations, and 
unityping is 9 seconds per item. 

Logistical Problems 

In the field of logistics, five major 
studies have been conducted, four of 
these resulting in actual problems exe- 
cuted on the computer. 

The first is the type of computation 
in which the basic purpose is to deter- 
mine quantitiveiy whether a given opera- 
tional or mobilization plan can be logis- 
tically supported. The ultimate desired 
is to find, by calculation, the optimum 
program for carrying out such plans. 
At the time of writing, only a small 
model has been actually run on UNIVAC, 
but full size models will be run within 
the next few weeks. Two computations 
have been executed, one a set of three 
tables of thousands of lines each, giving 
a detailed breakdown of machine de- 
ployment, fuel requirements, and over- 
haul requirement. The other problem 
was a computation of the amounts of 
critical raw materials required to con- 
struct a given number of each type of 
equipment, these requirements being 
phased by quarters over a 2-year period 
The fourth problem, which was actually 
computed, was a sample of a similar 
calculation in which every pound of 
critical raw material required each month 
for the ultimate construction of a com- 
plete building program was computed. 

The UNIVAC program which was pre- 
pared is capable of accommodating even- 
type of equipment, individually tailored 
construction schedules, detailed bills of 
materials running into the millions of 
items and of determining the actual 
amounts of alloy elements based on 
thousands of tables of percentages for 
the many alloys employed. The demon- 
stration showed that this computation for 
400 pieces of equipment of a given type 
could be executed in three hours of com- 
puter time. The last problem in this field 
has not yet been run. but the study has 
shown that the entire gamut of stock con- 
trol for a large supply office can be covered 
by the computer in approximately 3 weeks 
time. 

This program involves the maintenance 
of stock balances of hundreds of thousands 
of stock items for many service points 
and provides for the preparation of 
stock transfer orders, purchase requisi- 
tions, critical lists and summary reports 


Performance Record of the UNIVAC 

Acceptance Tests 

The Acceptance Tests, prepared jointly 
by the Bureau of Standards and Bureau 
of Census, are fully discussed in the 
following paper by Dr. Alexander and 
Mr. McPherson. However, a few com- 
ments concerning them from the engineer- 
ing point of view are appropriate. 

The Census computer was given two 
tests ; the first, a test of its computational 
ability: the second, a test of its input- 
output system which particularly' stressed 
the tape reading and recording abilities. 

The Central Computer Acceptance 
Test A consisted of two parts. During 
Part 1, es ery available internal operation, 
except input-output operations, was per- 
formed. Among these operations were 
addition, subtraction, comparisons, divi- 
sion, and three different types of multipli- 
cation operations. Each of the arith- 
metic operations handled a pair of 11- 
decimal digit quantities. Altogether 
there were about 2,500 operations in the 
routine, yet the entire routine required 
only 1.26 seconds to do. The routine 
was performed 808 times in 17 minutes 
making a total of about 2,000,000 
operations in all. 

The second part of Test A included 
the solution of a heat distribution equa- 
tion, a short routine involving the input- 
output device and a sorting routine. 
The sorting routine arranged ten numeri- 
cal quantities each containing 12 decimal 
digits in correct numerical order in about 
0.2 second. All three routines took a 
total of IV- minutes to perform. They 
were performed twice for each test and 
when added to Part 1 made a total of 
20 minutes for unit test A. 

The Acceptance Test B examined the 
input-output tape devices (Uniservos). 
During the first part of Test B, 2,000 
blocks or about 1.4 million digits, which 
included every available character (nu- 
meric and alphabetic) were recorded on 
a tape and then read back into the com- 
puter with the tape moving backward. 
The information read back was then 
compared with the original data read out. 
The recording operation required about 
4 minutes while reading back and com- 
parison required about 8 minutes. The 
second part of Test B consisted of re- 
cording and reading over one spot of 
tape for 700 passes in order to determine 
the readability of tape as it wears. 
This test required 13 minutes and when 
combined with Part 1, made a total 
of approximately 25 minutes for Test B. 
This test was repeated 19 times. 


The first test run passed in 6.6 hours 
(minimum theoretical time: 6.0 hours) 
and the second test was passed in 9.47 
hours (minimum theoretical time: 7.45 
hours). Of the 2.02 hours down time, 
1.45 hours were accumulated at one 
time with the remaining 0.58 hours spread 
over the rest of the test. 

The Uniprinter test required that a 
block of information (60 words) be 
printed 200 times in tabular form. The 
minimum time for printing was five hours. 
The test was passed in 6.16 hours. 

The eard-to-tape test required that 
ten good reels of tape be produced in 
12 hours. There were certain restric- 
tions as to reading accuracy and other 
criteria of reproducing ability which 
defined ‘good” reels. In 10 hours, the 
converter had prepared over 15 reels, 
14 reels had been tested, 11 of the 14 
were found satisfactory and the converter 
was accepted for payment. 

Although the test was ran on only 
one of two converters, the Bureau of 
Census put both card-to-tape machines 
into operation and after six months 
of use, the acceptance test was run on 
the second card-to-tape converter. This 
test differed to some extent from the 
first test in that the Census Bureau 
was satisfied with the reading ability 
of the machines and did not require "a 
digit-by-digit verification of the infor- 
mation. However, a new stipulation 
was added that, after the engineers had 
checked the converter out preparatory 
to running the test, the converter was 
to be used in actual operation for eight 
hours before doing the remainder of the 
test with no engineering intervention 
between the two portions of the test. 
The first part was ran on Friday, October 
5, 1951 ; the device remained idle Satur- 
day and Sunday and was turned on 
Monday morning to complete the test. 

It passed with flying colors, preparing 
ten acceptable reels (out of ten reels) 
plus two decks of check cards in slightly 
less than 7 hours. Both card-to-tape 
converters now are in Washington and the 
remainder of the system is in operation 
by the Bureau of the Census on the 
Eckert -Man chly premises in Philadelphia. 

Reliability and Factors Affecting 
Performance 

The first UNIVAC system now has 
been operating for approximately 8 
months. In that time, much has been 
learned about how UNIVACs should 
be operated and maintained. The situa- 
tion has been somewhat complicated by 
having to shake down the equipment 


while in the customer's possession; 
that is, there were certain faults in the 
system from both engineering and pro- 
duction standpoints which could only 
become apparent in the course of time 
and under actual operation conditions. 
For example, weak tubes or faulty solder 
joints did not reveal their presence at 
the time of installation. Another type 
of difficulty only became apparent under 
certain duty cycle conditions imposed 
by various types of problems. Because 
only certain problems present this partic- 
ular duty cycle, these troubles remained 
in the machine causing intermittent 
stoppages until they could be tracked 
down. 

Patient isolation and elimination of 
such problems, most of which have oc- 
curred only with conditions of operation 
infrequently encountered, is a powerful, 
though sometimes painful proving ground 
for the engineering group charged with 
such responsibility. The experience and 
depth of judgment acquired by such a 
group in the course of performing such 
work have become unmistakably apparent 
in the already noted improved perform- 
ance of following UNIVACs and gener- 
ally advanced ability to predict and rea- 
lize performance in any large scale and 
complex apparatus of the same character. 

Some of the troubles encountered are 
interesting to study in detail. On a 
rather complicated routine requiring the 
use of a number of Uniservos, all 
ran smoothly for 15 minutes. At that 
time, one of the Uniservos executing 
a backward read somewhere in the middle 
of the reel, did not stop at the end of 
the block but continued to ran until 
it ran off the end of the tape. After 
much work, it was shown that a cycling 
unit signal was being overloaded be- 
cause it was being used both by a multi- 
plication instruction and the backward 
read which were occurring simultaneously. 
The input precessor loop was cleared as 
a result and the count of the pulses com- 
ing off the tape was thereby lost. Once 
the trouble was found, it was simple to 
remedy. 

Another rather interesting case oc- 
curred intermittently over an expended 
period. Normally when reading out of 
the memory, the contents should not be 
cleared. Occasionally, however, reading 
from the memory also caused the con- 
tents to be cleared. As the trouble only 
remained for a period of seconds or, at 
most, a few minutes, it was somewhat 
difficult to localize. Of course, parasitic 
oscillations of some sort were suspected 
and, in fact, the trouble was traced to the 
actual source on a logical basis; but the 
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source, a high power cathode follower, 
showed no evidence of oscillation. Before 
the problem was remedied, various com- 
binations of parasitic suppressors were 
tried ; the trouble would vanish for per- 
haps a week and then return. The 
oscillation finally cropped up during a 
maintenance shift, was found to be in 
the suspect tube at 100 megacycles and 
was eliminated rather easily. 

Other types of troubles that have oc- 
curred include intermittent parasitic 
. oscillations in other circuits, bounce in 
Uniservo relay circuits, various mechani- 
cal problems in Uniservos, time con- 
stants not consistent with the longest 
duty cycle signals, and various types of 
noise in the input circuits. The tubes, 
which initially were bothersome, have 
now stabilized to the point where two 
tubes per week (on the average) stop 
the computer during computation. 

All of the above troubles and others not 
discussed here have contributed to lost 
computing time on the UXIVAC. How- 
ever. they cannot influence future opera- 
tion because the reasons for them have 
been, found and eliminated. The fact 
tha: these troubles will not occur in 
future UNIVACs cannot be emphasized 
too strongly. 

Under a contract with the Bureau 
of Census, Eckert-Mauchly Computer 
Corporation maintains the Census in- 
stallation. This system is operated 24 
hours a day, seven days a week, except 
for four 8-hour preventive maintenance 
shifts each week. This allows approxi- 
mately 32 hours for regular mainte- 
nance and 136 hours for operation or 
21 and 79 per cent respectively. Table 
I shows the engineering time spent on 
the computer system during typical 
weeks of operation. The figures are 
given both in hours and percentages. 
Both aonscheduled engineering time as 
well as preventive maintenance time 
are shown. The sum of the two gives 
the total engineering time spent on the 
computer per week. It should be noted 
tha: this is actual engineering time and 
does not include time that the computer 
may have been shut down while waiting 
for an engineer to report. According to 
our maintenance contract, this must be 
within a half hour during regular working 
hours and within two hours at all other 
times. Attention should be given to the 
fact that the preventive maintenance 
time does not total exactly 32 hours each 
week. This is due in part to a half- 
hour period each morning devoted 
checking and cleaning the mechanical 
portions of Uniservos. It is expected 
that this work will be taken over by the 


Table I. 


Week 

Nonscheduled 

Preventive 

Total 

Engineering 

Percentage of 

Ending 

Engineering 

Maintenance 


Time 

Engineering 


Hours 

Per Cent 

Hours 

Per Cent 

Hours 

Per Cent 

June 

3. 

18.9... 

...11.3 

. .40 

23.8 

. .58.9. 




26. 

20.5... 

...12.2 

. .34 

20.2.... 

. . .54.5. 

32 


July 

14. 

14.7. .. 

. . . 8.8 

. .33 

19.6 

. ..47.7. 

28 



21. 

19.4. .. 

. . .11.6 

. .34.5. 

20.5 

. .53.9. 

32 



28. 

39.2. . . 

...23.3 

. .34.5. 

20.5 

. . .73.7. 

43.8 

29.4 

Aug. 

4. 

26.2. .. 

. . .15.6 

. .33 

19.6 

. .59.2. 

35.2 

19.4 

Sept. 

2. 

28.8. . . 

...17.1 

.34.5. 

20.5 

. .63.3. 

37.7 



9. 

16.1. . . 

... 9.6 

.34.5. 

20.5 

. .50.6. 

30 



16. 

22.6. .. 

. . .13.5 

. .33 

19.6 

. .55.6. 

33 

16.7 


23. 

42.3... 

...25.2 

.34.5. 

20.5 

. .76.8. 


31.7 


30. 

21.8. . . 

. . .13.0 

. .34.5. 

20.5 

. .56.3. 

33.5 


Oct. 

7. 

15.9. . . 

... 9.5 

.56 

33.3 

71.9. 

42.8 



14. 

14.0. . . 

. . . 8.3 

.34.5. 

20.5 

. .48.5. 

28.9 



21. 

10.4. . . 

. . . 6.2 

.34.5. 

20.5 

. .44.9. 




28. 

20.8. . . 

. . .12.4 

.33 . 

19.6 

. .53.8. 

32 



4. 

40.4. . . 

. . .24.0 

.34.5. 

20.5. . . . 

. .74.9. 

44.6 

30.3 


11. 

10.1. . . 

. . . 6.0 

.34.5. 

20.5. . . . 

. .44.6. 

26.5 

7.6 


18. 

30.5... 

. . .18.2 

.34.5. 

20.5 

. .65 . 

38.7 

22 


25. 

13.7... 

... 8.2 

.34.5. 

20.5 

. .48 . 

28.6 


Dec. 

2. 

14.8. . . 

... 8.7 

.34.5. 

20.5 

. .49.3. 

29.3 



9. 

19.6. . . 

. . .11.7 

.34.5. 

20.5.... 

. .54.1. 

32.2 

14.7 


UXIVAC operators since the procedures 
and the techniques involved are quite 
simple. 

In addition, one extra shift was re- 
quired the week ending June 3 and three 
extra shifts the week ending October 7, 
1951. These shifts were required to in- 
corporate engineering changes which had 
been developed over a period of time and 
could not be incorporated in the equip- 
ment during the normal preventive main- 
tenance time. The nonscheduled engi- 
neering time has varied from as little as 
10. 1 hours or 6 per cent to 42.3 hours or 25 
per cent. The last column in the 
Table shows the amount of nonscheduled 
engineering time as compared to the 
allowable operating time (total time 
less preventive maintenance time). Here 
there is a variation of from 7.6 to 31.7 
per cent and an average for the weeks 
shown of 16.9 per cent. It is believed 
that these figures, while good for the 
first months of operation of a new piece 
of equipment, will show definite improve- 
ment over the next year. 

Although the opportunity to prove 
or disprove the following theory of opera- 
tion has not presented itself, it is believed 
logical that optimum use of the UNI VAC 
equipment might be obtained by means of 
scheduling preventive maintenance only 
at such times as it is indicated in the 
judgment of competent operators. In 
other words, there are many occasions 
preceding a scheduled maintenance shift 
when the system is performing very well. 
At such times, it is extremely inefficient 
to shut down the operation in order to 
provide maintenance. For many rea- 
sons, however, it has been impossible 
to operate and maintain the first system 
in this way. It is hoped that such opera- 


tion will be possible in following installa- 
tions. 

It should be realized that the UNIVAC 
system requires a supervisor of the same 
caliber as the one required for a large 
punched card installation. However, the 
large group of operating personnel would 
be replaced by a small group of well- 
trained extremely competent people thor- 
oughly familiar with the details of the 
computer and associated equipment. 
The time spent in providing a high de- 
gree of training for these people is more 
than repaid in increased operating effi- 
ciency and consequently higher work 
output. For example, situations arise 
in the course of running a problem where 
a correct operational decision can save 
hours of elapsed computation. Also, 
a competent operator will recognize 
malfunctions sufficiently early to pre- 
vent serious delays. He is capable of de- 
ciding whether to continue with machine 
operation or to stop to diagnose. The 
second UNIVAC system wliich is ready 
for installation in Washington, will be 
operated by a group of engineers who have 
been trained in operation and mainte- 
nance. This procedure, it is believed, 
will result in the UNIVAC system 
being of maximum benefit to the Air 
Comptroller’s Office. 

Evaluation of UNIVAC Design 

Checking Features 

Maintenance of the UNIVAC has 
been vastly simplified by use of duplicate 
arithmetic and control equipment and 
other checking methods. Many factors 
which would have led to undetected 
errors have, by virtue of duplication, 
immediately stopped the computer. Al- 
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though checking by means of inverse 
operations can provide operational checks 
on the arithmetic circuits, there is some 
question as to whether it provides as 
good a check as duplication. However, 
in connection with odd-even codes, 
it may conceivably be comparable. It 
should be remembered, however, that 
this is from an operational standpoint 
and not a maintenance standpoint. 
When the control equipment is considered 
it is difficult to visualize a check that is 
as good as duplicated equipment. Other 
checks that are utilized in UXIVAC 
include the periodic memory check, 
intermediate line function table checker, 
function table output checker, memory 
switch checker, and 720 checker. 

As explained earlier in the paper, the 
periodic memory check is accomplished 
by reading out of all memorv channels 
sequentially and performing an odd- 
even check on each digit as it passes 
through the high speed bus amplifier. 
The period at which the check is repeated 
may be varied over a large interval. 
At present, it is set at 5 seconds, the 
check taking 52 milliseconds or about 
1 per cent of the computing time. 

The function table has a check at the 
very input by bringing in the check 
pulse in each character so that if an odd- 
even error occurs between the control 
register and the static register, no order 
will be set up and the computer will 
grind to a halt! If the input sets up 
properly but an error occurs farther on 
in the table, but not ahead of the inter- 
mediate lines (the linear set into which 
the input combinations are decoded), 
the error is caught at this point. The 
intermediate lines are broken into groups 
in such a way tdiat an error is indicated 
when more than one line is set up in 


one group or the entire set. There is 
an exception to this in some groups where 
no error is indicated by this checker if 
more than one line is set up within the 
group. 

This has been allowed only in those 
cases where it has been shown that set- 
ting up two or more lines will cause some 
other checker or checkers to indicate the 
trouble. 

If the error occurs beyond the inter- 
mediate lines, the output checker then 
comes into play. This checker makes 
an odd -even count on the number of 
gates used on each instruction: dummy 
lines having been added so that the count 
is normally always odd. 

The memory switch or tank selector 
checker ensures that one and only one 
memory channel is selected on any in- 
struction. It checks each of the two 
digit positions separately indicating which 
if either, is in error. 

The 720 checker counts the digits com- 
ing off the tape and if there are either 
more or less that 720 in one block, the 
computer stops; by examining the in- 
dicators on the supervisory control 
console, the operator can determine the 
number of digits actually read. By 
means of some rather simple manipula- 
tions, the operator can then reread the 
block without losing his place in the 
routine; and if the information is then 
read correctly, he may again start the 
computer on the routine. The same 
procedure may be followed if an odd- 
even error is made in reading from the 
tape. 

Many checks other than those men- 
tioned before have been built into the 
UNIVAC. On the basis of operating 
experience, the engineers cannot recom- 
mend too strongly the use of built-in 


checking facilities. All in all, the faith 
that can be put into results obtained 
from an unchecked computer comparable 
in size to UNIVAC is in the writers’ 
opinion exceedingly low. 

More than this, however, the methods 
by which the UNIVAC is checked 
have been of extreme usefulness in trouble 
shooting. The duplication of circuits 
has amply repaid the increase of space 
and the number of components required 
by this checking system. 

General Comments 

After evaluating UNIVAC perform- 
ance over a period of eight months, 
the over-all picture of the UNIVAC 
design, in the minds of its designers, is 
extremely good. Certain phases of its 
design exceeded expectations, while of 
course, other phases were somewhat 
disappointing. The first eight months 
of actual operation have taught more 
than years of experimentation with 
laboratory models. Many improvements 
have already been conceived of this 
experience and are continuing daily to 
increase reliability. 

The other major factor influencing 
computer design, cost, has been duly 
considered in the UNIVAC design; 
and it is being met with plans for a 
continuing full-scale production of UNI- 
VAC systems. As the production 
techniques are developed concurrently 
with the engineering design details, 
the UNIVAC becomes the realization of 
a hope which has long been in the minds 
of its designers: An economical, com- 
pletely reliable commercial computer for 
pertorming the routine mental work of 
the world much as automatic machinery 
has taken over the routine mechanical 
work of the manufacturer. 


Discussion 

^* Byrnes (Teletype Corporation).* 
At what speed does the input read from your 
magnetic tape into your input register? 

J. R. Weiner : The tape moves at approxi- 
mately 100 inches per second , and we record 
a pulse density of approximately 100 decimal 
digits per inch. I say “approximately” 
because as long as'' the machine dumps 
the decimal digits out at a rate correspond- 
ing to that product, it does not make much 
difference at what speed the tape runs. In 
other words, if we vary the tape speed from 
100 inches per second to 120 inches per sec- 
ond, or vice versa, but continue to read the 
information out of the machine onto the 
tape at the same speed, we would read Haoi- 
mto the machine at that speed. 

J. L. Hill (Engineering Research As- 
sociates): Would yon mind summarizing 


your experience with germanium diodes? 

J. R. Weiner: Not at all. We have had 
excellent experience with them. We have 
found that most cf the trouble encountered 
has been due to the engineers doing such 
things as short-circuiting voltages to ground 
with screw drivers and so on and damaging 
crystals accordingly. We check all crystals 
in the machine approximately every three 
or four months; we have found very, very 
few failures, and we have approximately 
18,000 of them in the machine. In almost 
every case we have been able to trace a 
failure to an accident. 

While we are waiting for another question 
I would like to add that one thing I did not 
cover in the paper is the fact that all the 
arithmetic equipment in the machine and 
most of the control equipment is duplicated. 
In addition, we run a continuous check on 
the contents of the memory, checking the 
entire contents approximately once every 5 


seconds, and therefore we do not need any 
program checks. 

L. A. Ohlinger (Northrop Aircraft Com- 
pany): W ould you clarify one thing about 
what you said of input and output of the 
single word? Do I understand you nan 
enter a single word at any chosen position in 
the memory and remove that word without 
interference to the rest of the information in 
the memory? 

J. R. Weiner: That is right. We can do 
that in a number of ways. If we stop the 
machine, we can empty from any position in 
the memory by use of the supervisory con- 
trol facilities. We can also type into any 
position of the memory and do either of 
these without interfering with the routine 
that is already in the memory. Once we do 
this we can start the operation ag ain We 
can also program the problem in such a way 
that it will automatically print out the con- 
tents of specified memory locations at 
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specific points in the r atine, or it will stop 
and wait for the oper-i-.r ;o type in a num- 
ber before it continues. 

L. A. Ohlinger: D>=* that make it pos- 
sible to replace a single word, are in effect 
erase the word and substitute another 
word? 

J. R. Weiner: Very i-finitely. And in- 
cidentally, it has proved to be a very useful 
facility on many problems. 

J. Naines (Northwestern University-: 
Have you made use of transistors in 
I'M VAC? 

J. R. Weiner: No We have approxi- 
mately 5,000 vacuum, tubes in the UNI VAC, 
IS, '00 crystals, and r.t transistors. About 
the time UNI VAC was started, which was 
•'approximately four ye*.-* -go, there were no 
transistors available. 

Dr. S. N. Alexander National Bureau of 
Standards): I would kke to point out one 
thing about the maintenance experience of 
the UNI VAC. 

We tried to set it ut ?:• that the maximum, 
possible useful time ••'.•raid be available to 
Census, and no holts were to be barred, 
including such thing* as borrowing spare 
chassis out of Machines 2 and 3 which were 
in production. There: :re. this represents 
an advantage which "ill not be available 
when the baby is taker, home. 

However, I think that this is not to be 
construed as criticism. 1: is just indicating 
that when you are trytr.g to get Number 1 
going, you will do anything possible to keep 
it going and learn what it is you need to fix 


j. l. McPherson 


I n June of 194b the National Bureau of 
Standards acting :r. behalf of the 
Bureau of the Census contracted with 
the Eekert-Mauchly Computer Corpora- 
tion for a UN I VAC System. This 
UN I VAC System, now generally known 
as the Census UN IV AC System, was 
accepted on March 30. 1951, and since 
that time has been devoted almost exclu- 
sively to tabulating results of the 1950 
Census of Population and Housing. 

We will try to present here certain 
facts about the acceptance testing and 
about operating experience. We also 

J. L. McPherson is with the Bureau of the Census, 
Washington. D. C., and S. X. Alexander is with 
:he National Bureau of Standards, Washington. 
D. C. 


:r. the machine in order for it to stand on its 
own feet. 

I would also like to point out that the 
maintenance people available for -this job 
are probably the peak quality personnel that 
will ever be allowed to maintain one of these 
machines. When it is maintained by the de- 
signers it gets a loving care that it will prob- 
ably never receive again. 

For this reason I would like to point out 
that you must weigh these facts with the 
records ascertained, trying to balance out 
how much this offsets the fact that it is 
Machine Number 1 which we are trying to 
learn a great deal about. 

1 hope the records on Machine Number 2 
will become available in which it will be 
operated and maintained by people away 
from the plant but who have been trained at 
the plant by the Eckert-Mauchly personnel. 

Would you care to add anything to that. 
Mr. Weiner? 

J. R. Weiner: I would like to say that I 
'agree with everything that Dr. Alexander 
has said. However, I would like to add a 
few comments. 

The first UNIVAC was the first machine 
of its type and a rather ambitious machine. 
Although we have time listed which we call 
preventive maintenance time, a good bit of 
that time has been spent in hunting troubles 
down , and once they were hunted down and 
Axed they were troubles that would not re- 
cur in later machines: this has proved true 
on UNIVAC Number 2. We have not had 
the trouble on Number 2 that we had on 
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will indicate the inferences we have drawn 
from these facts. We are aware that any 
given body of facts may be, and often is. 
interpreted in a variety of ways depending 
upon just what it is that the interpreter 
is trying to prove. We will try carefully, 
therefore, to distinguish between our 
facts and our inferences. Furthermore, 
we will try to present the extremes of the 
conclusions that might be drawn from the 
facts. One of your authors is an engineer 
with some familiarity with the difficulties 
of physically realizing the grand promises 
frequently made for. and not always by. 
engineers. Your other author is in the 
business of producing statistics. He is 
interested in any tool that will increase 


Number 1. I would say also that perhaps 
80 per cent of our time on Number 1 has 
been spent in trying to get input-output 
operation as reliable as computer operation, 
operation that would completely satisfy Dr. 
Alexander. I feel that we have probably 
succeeded in doing that to a very great ex- 
tent on Number 2. 

I certainly agree that you do not want to 
use $10,000-a-year engineers for maintain- 
ing UNIVAC, and I do not think we will. I 
would say the troubles we have had on 
Number 1, and we have had many, are not 
at all representative of the sort of thing you 
would expect on later machines. 

B.V. Bowden Ferranti, Ltd., England): 
I would like to ask what sort of magnetic 
tape you use in the memory? 

J. R. Weiner: We use metal tape of our 
own manufacture. At the time we started 
working on UNIVAC, there was no tape 
available that we felt was sufficiently re- 
liable, and we started our own tape de- 
velopment program. I think we were very 
fortunate in doing that. The tape is metal 
base and we put a magnetic plating on it. 
We do have pin holes, and other defects in 
the tape but we take care of them by punch- 
ing out the occasional bad spots on the tape, 
before the tape gets to UNIVAC. In other 
words, we inspect every reel before it is 
used, punch out the bad spots and detect 
them automatically on UNIVAC, and do 
not write on those portions of the tape or 
read from them. We find that this pro- 
cedure has worked out quite well. 


the efficiency with which he conducts; 
this business. For purposes of this paper, 
at least, each of us will do his best to be a 
good advocate for his devil. 

Acceptance Testing 

At the time it was accepted the Census 
UNIVAC system consisted of a UNIVAC 
computer, four Uniservos, a Uniprinter, 
and a Card-to-Tape Converter. The: 
question of the acceptability of this 
system was a difficult problem. Our 
contract for a UNIVAC System specified 
a variety of operating and performance 
characteristics, such as the instruction 
code, the execution time for each instruc- 
tion, and the required tape speed in 
characters per second. However, we 
quickly decided that to test specifically 
for each of the detailed facilities required 
by the contract not only would be ex- 
tremely difficult to plan and to monitor 
but also would provide information be- 
vond our ability to interpret. 

We wanted a device to do Census work. ! 
If there was a high probability that the j 
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UNIVAC would do Census work effi- 
ciently we wanted to accept it and if not 
we wanted to reject it. 

At the time the UNIVAC system was 
submitted to the government for accept- 
ance testing the only significant problem 
u e had programmed for it was the tabula- 
tion of the Second Series Population 
Reports for the 1950 Census of Popula- 
tion. This program had never been used 
by the UNIVAC. It was not ‘ ‘debugged. ’ * 
For this and many other reasons it was 
not a suitable program to use for accept- 
ance testing. However, its existence 
enabled us to estimate a statistic which 
proved very useful in designing an accept- 
ance test. This statistic was the time it 
should take the UNIVAC to tabulate the 
Second Series Population data for one 
reel of population information. Our 
estimate was 20 minutes. (Later expe- 
rience indicated that the actual average 
time per reel for this problem is 19.6 
minutes.) 

We must admit that we did not realize 
the importance of this 20-minute figure 
until we had explored several lines of 
approach to an acceptance test for the 
central computer. We had great diffi- 
culty in deciding just what would be a 
reasonable upper bound to set on the 
number of wrongly executed instructions 
per million. Moreover, we found that 
it was by no means easy to decide how 
we would go about determining how 
many orders the machine had wrongly 
executed, if any, in the course of a pro- 
gram. 

We spent a considerable amount of 
time fruitlessly searching for a way to get 
to the heart of this problem. Then, 
happily, we sought the advice of Dr. 
Joseph F. Daly, Chief of the Statistical 
Methods Section, at the Bureau of the 
Census. He pointed out that the impor- 
tant consideration was not how many 
errors the machine made when things 
went wrong, but rather, how often it 
could be depended upon to get through a 
problem correctly. With Dr. Daly’s 
help we finally concluded that what we 
wanted was a machine which would be 
fairly certain to operate satisfactorily 
throughout any given 20-minute r unnin g 
period. In addition, we felt that it would 
be reasonable to accept a machine which 
would be in operation at least 50 per cent 
of the time; for we assumed that if the 
computer had the required reliability, 
the problem of keeping it in operation 
most of the time would be mainl y a 
matter of gaining experience in mainte- 
nance. 

In order to arrive at a set of numerical 
specifications for the test, we took over 


one of the standard sequential sam pling 
plans, using the 20-minute problem as a 
sampling unit. Since we could not take a 
random sample of such 20-minute units, 
the probabilities associated with the 
plan were perhaps not too meaningful. 
Nevertheless, it may be of some interest 
to note that if the chance that the ma- 
chine would get through any particular 
20-minute run was independent of its 
chances of getting through any other 20- 
minute run, then the plan had the follow- 
ing characteristics: 

1. If the machine was such that on the 
average it would get through 90 per cent of 
its 20-minute problems successfully, the 
test would be almost certain to accept it 
(the chance of rejection being only 1 in 100). 

2. If the machine was such that on the 
average it would get through only 70 per 
cent of its 20-minute problems correctly, the 
test would be almost certain to reject it 
(the chance of acceptance being only 1 in 
100 ). 

We prepared two routines to test the 
central computer. One of these was to 
test internal computation ability and the 
other was to test the communication 
between the computer and the magnetic 
tapes. Each of them was timed to re- 
quire 20 minutes to complete. The 
following abstract from the acceptance 
test procedure for each of these two tests 
indicates the manner in which they were 
conducted : 

“The test shall be rated as ‘passed' if 
at the end of any test unit: 

1. The ‘down time’ does not exceed the 
'running time' and simultaneously: 

2. The number of completed test units 
with one or more major defects does not 
exceed 0. 186 X (number of units completed) 
minus 3.41. 

3. The number of completed test units 
charged with minor defects does not exceed 
one third of the total completed test units. 

“The test shall be rated as ‘tailed’ if 
at any time the number of completed 
test units with one or more major defects 
exceeds 0.1S6 X (number of units com- 
pleted) plus 3.41.” 

Major and minor defects were defined 
in the test rules. “Down" time was 
defined as “total” time minus “r unni ng’ * 
time; and “running” time was computed 
by multiplying the number of completed 
test units by 20 minutes. Thus the 
UNIVAC was credited with having 
operated successfully for 20 minutes 
each time it produced an error free unit 
regardless of how long it might have taken 
to complete that unit. 

In addition to the two tests of the 
central computer we designed a test 
for the Uniprinter and a test for the 
Card-to-Tape equipment. We will say 


more about them shortly. First we 
want to report on the performance of the 
central computer during the two tests 
applied to it. Certain calculations con- 
cerning the duration of these two tests 
can be made. These are: 


Communi- 
Computer, cations, 
Honrs Hours 


Minimum time possible to 

pass 6 7 

Expected or average time to 

pass if 90% successful 9 10*/t 

Expected or average time to 

fail if only 70% successful. .. . 7 8 

Probable maximum length 
of test 25V* 30 


The test of computation ability was 
passed in 6 hours and 36 minutes, the 
test of communication between the com- 
puter and the magnetic tapes was passed 
in 9 hours and 28 minutes. One of the 
18 test units successfully completed 
during the test of computational ability 
was charged with a minor defect. Ac- 
cording to the test rules there could 
have been six units so charged. The 
test of the communication between the 
computer and the magnetic tape ter- 
minated with six of the 19 successfully 
completed test units charged with minor 
defects. 

The Uniprinter test required a block 
of 60 words of information to be printed 
not less than 200 times. The constants 
in the formula for the Uniprinter test 
were such that we would be almost sure 
to accept a printer that would print 
95 per cent of the 60 word blocks per- 
fectly and almost sure to reject a printer 
that would print only 90 per cent of 
the blocks perfectly. Here the time 
computations indicated the following: 



Honrs 

Blocks 

Minimum possible time to pass 
(1.6 minute units) 

.5 

-.200 

Expected or average time to pass if 
95% successful 

. 7 .. 

..274 

Expected or average time to fail if 
only 90% successful 

- 5 1 / *. . 

..216 

Probable maximum time 

.14 .. 

..566 


This test was passed in 6 hours and 10 
minutes. 

For the Card-to-Tape equipment we 
decided that a device capable of success- 
fully transcribing the information from 
punch cards to magnetic tape at an aver- 
age rate of 70,000 cards per 8-hour shift 
would be satisfactory. This converts to 
about ten good reels of tape every 12 
hours . There were necessarily two phases 
to this test. First the cards had to be 


16 


J. L. McPherson, S. N. Alexander— Performance of the Census UNIVAC', 


J. L. McPherson, S. N. Alexander — Performance of the Census UNIVAC 


17 


